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We report on findings from a 2-year follow-up study of immigrants originating from exposed areas
around the site of the 1986 Chernobyl accident matched with comparison subjects emigrating
from other republics in the Confederation of Independent States. In the initial study of 708
immigrants, the samples were matched by age, gender, and year of immigration. We assessed
two exposure groups-high and low-by estimating levels of ground cesium contamination from
the International Atomic Energy Agency maps. We reinterviewed 520 immigrants from the first
wave of data collection (a reinterview rate of 73%), 87 from high-exposure areas, 217 from low-
exposure areas, and 216 comparison subjects. This study examined the prevalence of symptoms
of posttraumatic stress disorder (PTSD), depression, somatization, anxiety, and physical effects
(high blood pressure, acute symptoms, and chronic illness). The results obtained in the first wave
conducted 8 years after the accident showed that psychological symptoms were significantly
higher in exposed respondents than in the comparison group. During the second wave (10 years
after the accident) we observed a decline in the prevalence of PTSD and related distress except for
somatization, which remained at the same level. An association between exposure and high blood
pressure was observed in the first wave of data, but was not still significant in the second wave of
data collection. The proportion of those who reported three or more chronic health problems was
48.3% among the high-exposure group, 49.3% in the low-exposure group, and 30.6% in the
comparison group (p=0.0003). The most commonly reported problems were heart disease,
problems with vision or hearing, migraine headaches, problems with the lymphatic system, and
arthritis. Based on the results, it was concluded that the Chernobyl accident was a powerful
stressor, having a strong impact on both mental and physical health. Since all respondents were
engaged in the process of acculturation and accommodation to a new country after emigration, it
is encouraging that this study shows that levels of psychological distress are waning as the new
immigrants are absorbed into Israeli society. However, there still remains some independent
effect on health associated with the experience of the Chernobyl accident. - Environ Health
Perspect 105(Suppl 6):1545-1550 (1997)
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Introduction
Today, 10 years after the Chernobyl nuclear the study ofthe accident's aftermath mainly
accident, it seems obvious that the worst from the viewpoint ofcancer-related out-
technological accident ofthis century should comes, extrapolating from the results ofthe
have caused extensive psychological distress atomic bomb survivors. The recent publica-
to residents ofthe area. Yet, many approach tion,"Effects ofA-Bomb Radiation on the
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Human Body," summarized the 45 years of
research on this population (1). Yet no
mention is made ofany systematic study of
the psychological impact ofsuch a horren-
dous event, and current contacts with
Japanese researchers have not uncovered
any psychiatric epidemiology on the long-
term effects (2). It was almost 20 years after
the atomic bombs fell on Hiroshima and
Nagasaki before the first psychohistorical
study ofsurvivors was published by Robert
Jay Lifton in 1967. Learning from past
omissions, and particularly from work done
after the near-accident at Three Mile Island
in the United States (3,4), it is fortunate
that studies ofthe psychological impact of
the Chernobyl nuclear accident have begun
in the former Soviet Union and here in
Israel (5).
The World Health Organization
estimates that approximately 5 million
people were exposed to at least mild levels
ofcontamination (<5 Ci 137Cs /km2), with
an estimated 135,000 evacuated from their
homes in the 30-km containment zone
around the damaged Chernobyl reactor
(6). Between 200,000 to 600,000 liquida-
tors were brought in as salvage workers
through "forced volunteering" to clean up
the contamination.
Since 1989, when the gates ofthe former
Soviet Union opened to allowJewish immi-
grants to immigrate to Israel, some 120,000
to 150,000 persons from areas affected by
the Chernobyl accident have arrived in Israel
(7). Unfortunately, Israel has not yet estab-
lished a special registry ofthose who came
from the contaminated areas, so the exact
numbers of those who emigrated are not
available. This population constitutes the
largest concentration ofpeople exposed to
the Chernobyl accident outside the former
Soviet Union. This provides us with a
unique opportunity to study the long-term
effects ofthe Chernobyl accident on former
residents ofthe contaminated zone.
This study assesses over a 2-year period
the psychosocial functioning of the immi-
grants coming to Israel from exposed
regions compared with a group of immi-
grants coming from presumably nonconta-
minated areas. Our paper addresses the
following questions:
Is there an effect on psychological func-
tioning associated with exposure to the
1986 accident at Chernobyl as mea-
sured by a range ofpsychological indi-
cators including posttraumatic stress
disorder (PTSD)?
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* How does psychological functioning
change over time?
* What is the extent in this population of
reported acute symptoms after the acci-
dent and ofcurrent chronic illness?
What are the implications ofthese find-
ings for intervention and further research?
Methods
Sample
In 1991 Kordysh et al. conducted whole-
body counts for 137Cs (radioactive cesium
isotopes) on a sample of723 adults over 18
years of age who responded to calls for
immigrants to Israel wishing to be evalu-
ated for their exposure. Body burden mea-
surements were obtained together with
interview and physical examination data.
Using this list of names in 1994, we
tried to establish contact with a sample of
350 people from the exposed regions.
During the period between 1991 and 1994,
most immigrants had moved to permanent
housing,and thus we were able to recontact
only 111. The final casual sample consisted
of 374 persons (of the total 411 we con-
tacted, a 91% response rate) 18 years ofage
and over from the exposed regions. This
group was matched by age, sex, and year of
immigration with a group of 334 immi-
grants from unexposed areas whose names
were obtained from the Ministry of the
Interior or through personal contacts.
Thus, our total sample was composed of
708 individuals. Approximately 1 year after
the initial contact, we recontacted our sam-
ple and were able to conduct follow-up
interviews with 520 ofthe original respon-
dents. Demographic characteristics of the
two samples are shown in Table 1. Ninety-
one percent of the immigrants arrived
between the years 1989 and 1992. In the
second wave of data collection, we ascer-
tained what portion ofthe exposed sample
were liquidators, and found that 30 (24
men and 6 women) or 5.8% had worked
from a few days to a year or more at the
Chernobyl site. Half this number had
worked on site for a month or less. Their
jobs included cleanup (n = 3), medical staff
(n = 5), general services (n = 10), and other
jobs such as professional staff(n = 12).
Questionnaire Development
We conducted open-ended interviews
with immigrants from the areas around
Chernobyl to elicit issues associated with
the exposure and to develop the question-
naire. The instrument included questions
on demographics, process ofimmigration,
knowledge about and fear of cancer,
subjective measures ofstress, symptoms of
PTSD measured by the Impact of Events
Scale (IES) (9), coping, and stressful life
events (10). The psychological outcomes
included depression measured by the
Centers for Disease Control-Depression
(CES-D), anxiety, somatization, interper-
sonal difficulties, and obsessive-compulsive
behavior using Derogatis SCL-90 subscales
(11,12). Every effort was made to include
measures validated in Russian or with
immigrants. Blood pressure was tested at
the beginning ofthe interview using a digi-
tal, battery-operated blood pressure cuff.
Mean blood pressure measurements and
the number or percentage ofpersons with
elevated blood pressure (defined as > 140
mmHg systolic and >90 mmHg diastolic)
were used as indicators ofhypertension in
the studysubsamples.
PTSD was measured by the 15-item
IES, which is composed oftwo subscales:
avoidance and intrusive thinking (9). It
should be noted that this is a self-report
measure and not a clinical diagnosis.
The reliability ofthe measures based on
Cronbach's alpha coefficient ranged from
0.75 to 0.91, which is consideredverygood.
ExposureStatus
Exposure status was estimated based on
maps distributed by the International
Atomic Energy Commission (IAEA) on
levels ofground cesium. "More exposed"
communities were defined as being those
in which levels were more than 1 Ci/km2
(> 37 GBq/km2). "Less exposed" commu-
nities were those in which ground contam-
ination was less than 1 Ci/km2 (<37
GBq/km2); the "comparison" towns were
those in which presumably there was no
ground contamination (13).
From our qualitative interviews we
postulated the sources of stress among
immigrants from the area around
Chernobyl. Among Israeli immigrants,
stress associated with having been exposed
to the Chernobyl accident may be attribut-
able to a number offactors. These include
factors such as: a) the perception that
events surrounding the accident had the
potential to be harmful to selfand family,
both in the present and in the future; b) a
high level of uncertainty about the actual
facts related to contamination and expo-
sure and a lack of reliable scientific infor-
mation about the effects ofthe accident; c)
personal losses from the accident including
such things as belongings, homes, a safe
and familiar environment, financial secu-
rity, job and personal status; d) the stress
of immigration, which often involved
changes in culture, language, status, politi-
cal power, jobs and employment, support-
ive social networks, leisure-time activities,
food, and natural settings; e) new stressful
life events that have taken place since
1986; f) changes in health status for self
and other family members, some ofwhich
may be related to Chernobyl exposure, and
some ofwhich may not; g) the nature of
technological disasters during which one is
thought to be in control but suddenly is
not; and h) certain personality characteris-
tics that reflect vulnerability or hardiness in
the face ofstressful life events.
This study was designed to determine
how some ofthese sources ofstress among
Israeli immigrants interact to affect long-
term psychological functioning and health
status 8 and 9 years after the Chernobyl
accident. Unfortunately, data were not
available on the health status or personal-
ity characteristics of the immigrants
before the accident or immigration.
Specifically, sense we assessed current psy-
chological symptoms together with self-
reported health status among former
residents of the areas around Chernobyl
Table 1. Summary ofdemographics, wave 1 and wave 2 samples.
Demographic characteristic
Response rate (wave 2)
Genderb
Male
Female
Male
Female
Liquidatorsa
Wave 1 Not assessed
Wave 2 n=30
Wave 1
Wave 2
More exposed
n=121
n=87
71%
Less exposed
n=253
n=217
88%
Comparison
n=334
n=216
65%
Total
n=708
n=520
73%
42% (57) 43% (103) 45% (133) 41% (293)
58% (80) 57% (137) 60% (198) 59% (415)
80% (24) 34% (25)
20% (6) 66% (49)
47% (94)
53% (107)
43% (91)
57% (123)
45% (234)
55% (285)
Mean (SD) age in years Wave 1 47.8(15.9) 49 (17.3) 47.1 (16) 48 (17)
Wave 2 48.5(13.9) 50(16.2) 50.5(16.7) 48.3 (16.5) 49.4(16.3)
'Data on liquidators were notassessed in wave 1. bNumbers in parentheses referto number of individuals.
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currently residing in Israel and compared
these with the same factors for immigrants
from noncontaminated Republics.
The specific research questions we
sought to answer were a) Does exposure to
the Chernobyl nuclear accident affect psy-
chological variables such as PTSD, depres-
sion, somatization, and anxiety among
Israeli immigrants and does psychological
status change over time? b) To what extent
are acute and chronic conditions reported
byrespondents, and what is their association
withpsychological distress?
Results
We used the multivariate analysis of
variance to compare the level ofpsychologi-
cal outcomes by exposure over time (from
wave 1 to wave 2). The model was a mixed
one with inter- and intraobserver effects
and two independent variables (time of
interview and exposure status [liquidators
most exposed, those less exposed, and the
comparison group]).
Psychological Measures overTune
Figures 1-4 show the changes in the four
psychological measures over time for
PTSD (IES), depression, anxiety, and som-
atization. Figure 1 shows that exposure had
a significant effect on PTSD symptom
scores at both interview times and that
there was a significant overall decrease over
time in PTSD scores. In addition, there is
a significant interaction of time by expo-
sure (F(3,482) =7.85,p<0.0001). The source
of this interaction is from the relatively
greater decrease in PTSD scores for the
comparison group relative to the decrease
in the exposed groups.
In Figure 2, a significant effect oftime is
apparent for depression scores, while the
exposure effect is apparent only at time 1
between the exposed and comparison groups
(p< 0.001). The liquidators are the most
depressed at time 1, but this disappears by
time 2 because there is no significant expo-
sure effect at this point. The results for anxi-
ety are shown in Figure 3 and reveal a
significant effect for exposure at both time
points, particularly among members ofthe
more exposed group, and a significant
decrease over time (p< 0.0I and p<0.001
for exposure and time, respectively).
Figure 4 shows the somatization scores
by exposure over time. There is a signifi-
cant exposure effect but no change over
time (p< 0.0001). Somatization scores of
the liquidators decrease in between time 1
and time 2, while for the other groups the
picture remains static.
PhysicalSymptoms
andChronic Conditions
In wave 2, the respondents were asked
about physical symptoms after the
Chernobyl nuclear accident. There is a sig-
nificantly greater proportion ofpersons in
the exposed group who reported acute
symptoms after the accident, ranging from
30% among liquidators, 26% among the
most exposed, 14% among the less
exposed, and only 2% among the compari-
son group (X2=44-36, df=6,p<0.0001)
(Table 2). Among those who reported
symptoms, more than halfthe liquidators
and the most exposed group reported two
or more symptoms. This was rarely true of
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Figure 1. Comparisons of PTSD scores over time.
Mean (SD) scores for PTSD on wave 1: 8.9 (10.4); wave
2: 3.7 (7.0). p < 0.0001. A significant interaction effect
for exposure x time.
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Figure 3. Comparison of anxiety scores over time by
exposure. Means (SD) for wave 1: 4.0 (3.7); wave 2: 3.1
(3.1).
the less exposed group (7%). The most
commonly reported symptoms were nose
bleeds, vomiting, skin irritation, and other
acute reactions (fatigue, impotence, etc.).
Nose bleeds, anemia or bleeding, or abnor-
mal blood test results were more com-
monly reported among the most exposed
groups compared with the liquidators.
Table 3 shows the percentage of
persons in each exposure group reporting
chronic conditions, from a list of 30 such
conditions. Only conditions for which a
significant exposure effect was found are
shown. The data were analyzed for each
chronic condition separately and also for
the number ofchronic conditions reported
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Figure 2. Comparison of depression scores by expo-
sure overtime. No exposure effectfordepression scale
at time 2. Mean (SD) for wave 1: 12.6; wave 2: 7.8
(7.1). p< 0.0001.
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Figure 4. Comparison of somatization scores by expo-
sure over time. Means (SD) for wave 1: 7.8(6.6); wave
2 (7.6)(6.6).
Table 2. Percentage (n) of self-reported acute symptoms following the Chernobyl accident by exposure.
Acute symptomsa Liquidators, % Most exposed, % Less exposed, % Comparison, %
Nose bleeds 10(3) 12(9) 4(7) 0
Nausea orvomiting 10(3) 11(8) 8(15) 0
Anemia or bleeding 3 (1) 7(5) 5(9) 0.5 (1)
Skin irritation or redness 13(4) 10(7) 6(12) 0.5(1)
Hair loss 10(3) 5(4) 2(4) 1(2)
Abnormal blood test results 3)1) 10(7) 4(7) 0.5(1)
Other acute reactions 27 (8) 16(12) 11(22) 0.5(1)
Morethan one symptom 17 (5) 14(10) 7(15) 0
Includes acute symptoms forwhich a significant exposure effect was found.
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Table 3. Percentage (n) of reported chronic conditions byexposure.a
Liquidators, % Most exposed Less exposed, % Comparison, %
Condition n=30 n=74 n=201 n=214
Heart disease 33 (10) 30 (22) 28(57) 16(35)
Vision and/or hearing 23 (7) 23 (17) 22(45) 13 (28)
Migraine headaches 23 (7) 22 (16) 21(42) 11(23)
Problems with
lymphatic system 7 (2) 26 (17) 14(28) 8(18)
Arthritis or rheumatism 7 (2) 18(13) 16(33) 7 (14)
Chronic nervous trouble 7 (2) 11(8) 5(11) 2 (5)
Three or more chronic
conditions 57 (17) 47 (35) 49(98) 30(65)
aIncludes onlythose conditions in which a significant exposure effectwas found.
by the respondents. The most commonly
reported conditions among the exposed
group were heart disease (around 30%),
problems with vision or hearing (23%),
and migraine headaches (22%). Among
the most exposed group, 23% reported
problems with the lymphatic system, 18%
reported arthritis or rheumatism, and
11% reported chronic nervous problems.
For those chronic conditions reported by
more than 15% of the total sample, the
liquidators resemble the most exposed
group. When the condition is fairly rare,
the liquidators resemble the control group,
because the numbers are too small to give a
correct representation. Counting all chronic
conditions combined, 57% ofthe liquida-
tors reported three or more chronic condi-
tions, 47% ofthe most exposed and 49%
ofthe less exposed, whereas only 30% of
the comparison group reported such a high
level ofmorbidity.
Table 4 shows risk ratios associated with
the exposure using the most exposed and
the comparison groups as the index. Most
ofthe chronic conditions show significant
relative risk(RR) except for chronic nervous
trouble, problems with vision/hearing, and
migraines, which are ofborderline signifi-
cance. The risk ratios range from 1.5 to 2.8
and indicate that exposure brings increased
riskfor chronic conditions.
We examined the relationship between
psychological measures and the total number
of chrome conditions reported using
Pearson's coefficient. The number ofchronic
conditions was correlated with PTSD at
r=0.33, somatization r=0.30, depression
r=0.27 and anxiety r=0.23 (all significant at
p<0.01, two-tailed test). We also calculated
a Spearman correlation foreach chronic con-
dition and the four psychological measures
(Table 5). Only correlations greater than
0.20 are shown so as to present only those
with both statistical and theoretical signifi-
cance, as all correlations are significant
because ofthe size ofthe sample. The results
show that each chronic condition alone is
weakly associated with PTSD. The chronic
conditions most strongly associated with
depression, anxiety, and somatization are
heart problems, migraine, and problems
with the lymphatic system. Stomach and
liver problems and diabetes are correlated
onlymoderatelywith somatization, andhigh
blood pressure and vision and hearing prob-
lems are more significantly associated with
somatization and anxiety. Mental problems
and anxietyaremoderatelycorrelated.
BloodPressureandPulseRate
We reported in previous work that we
detected an exposure effect in a self-referred
sample examined in 1991. In this sample,
20% from high exposure areas and 16%
from less exposed areas showed elevated
systolic blood pressure (> 140 mmHg)
(8,14). Elevated diastolic blood pressure
differed similarly between the more and
less exposed groups. Age- and sex-specific
analyses showed that statistically different
levels were apparent in older age groups
(males over 48 and females over 58 years of
age). Among women betweeen 28 and 47
years ofage, there was a significant differ-
ence between the more and less exposed
groups in diastolic blood pressure as well.
In the 1994 sample, 33% of the more
exposed, 34% ofthe less exposed, and 23%
ofthe comparison group had elevated sys-
tolic blood pressure. This difference is sta-
tistically significant in chi-square analyses
atp<0.01. A similar trend was apparent in
diastolic blood pressure (26, 22, and 16%),
which approaches statistical significance
(p= 0.07). Age- and sex-specific analyses
show that the most pronounced differences
occur in systolic blood pressure for males
over 48 years ofage, and for diastolic blood
pressure in the age group 28 to 37 and 48
to 57. For women the most consistent
differences appear in the over 48 age group
in diastolic blood pressure. The relation-
ship between exposure and high blood
pressure was much more pronounced with
Table 4. Relative risk ratios of exposure for different chronic conditions comparing most exposed and comparison
groups.
Condition Relative risk ratio 95% Cl Significancea
Heart disease 1.88 1.09-3.22 0.028
Vision and/or hearing 1.77 0.95-3.29 0.09
Migraine headaches 2.0 1.02-3.90 0.056
Problemswith lymphaticsystem 2.88 1.35-6.12 0.006
Arthritis or rheumatism 2.57 1.12-5.88 0.03
Chronic nervous trouble 1.57 0.63-3.89 NS
Three or more chronic conditions 1.57 1.09-2.26 0.02
Abbreviations: Cl, confidence interval; NS, not significant. "Significance levels afterYate's correction.
Table 5. Correlations between psychological measures and chronic conditions.a
Chronic condition Depression PTSD Somatization Anxiety
Heart 0.23 <0.2 0.43 0.33
Migraine 0.2 <0.2 0.32 0.26
Lymphatic system 0.27 <0.2 0.42 0.33
Muscularskeletal conditions 0.24 <0.2 <0.2 0.26
Arthritis 0.21 <0.2 <0.2 0.21
High blood pressure <0.2 <0.2 0.38 0.29
Visual and/or hearing problems <0.2 <0.2 0.31 0.27
Neurological problems <0.2 <0.2 0.26 0.3
Stomach trouble <0.2 <0.2 0.28 <0.2
Liver problems <0.2 <0.2 0.26 <0.2
Diabetes <0.2 <0.2 0.2 <0.2
Mental problems <0.2 <0.2 <0.2 0.21
8AII correlations presented are significant atthe p<0.0001 level.
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Table 6. Mean blood pressure of immigrants who report either hypertension or heart disease.
Systolic blood pressure Diastolic blood pressure
Reported condition Mean SD Mean SD
Heart disease
Wave 1 results
Yes (n=104)a 146.9 25.9 87.1 12.8
No (n=317) 127.2 20.5 79.2 12.3
Wave 2 results
Yes (n=124)a 142.9 24.2 85.1 12.9
No (n=393) 127.2 16.4 80.5 10.3
Hypertension
Wave 1 results
Yes (n=133)a 151.2 24.1 89.4 12.6
No (n=288) 123.3 17.2 77.3 11.7
Wave 2 results
Yes (n=148)a 149.9 19.9 89.6 12.4
No (n=369) 123.4 13.6 78.3 8.7
'All paired t-tests between those with the disease and those without are significant atthe p<0.0001.
the subgroup of those with high scores on
PTSD (14).
In the wave 2 follow-up, the differences
in blood pressure between the exposed and
comparison groups were no longer signifi-
cant. However, there were differences in
pulse rate, with the mean rate of72.7 (SD
8.7), 72.05 (SD 9.8), 71.48 (SD 8.05),
and 68.8 (SD 8.62) for liquidators, more
exposed, less exposed, and comparison
groups, respectively. A one-way analysis of
variance shows that the comparison group
pulse rate is significantly lower than the
exposure group's (F (3,512) =3.6p<0.05).
Furthermore, we found that for those
who reported either hypertension or heart
disease in wave 2, mean blood pressure rates
were significandy higher at both data collec-
tion times than blood pressure rates for
those without these problems (Table 6). It is
also apparent that among those with either
type ofmorbidity, mean systolic blood pres-
sures were lower at wave 2. These findings
corroborate theself-reported measures.
Discussion
Symptoms reported by the respondents
seem to indicate that exposure to radiation
from the Chernobyl accident, whether to
low levels ofionizing radiation or to stress-
ful events that accompanied the accident,
are significantly related to morbidity ofsev-
eral types-psychological, physiological,
and physical. It is encouraging, however,
that both psychological and physiological
measures tend to improve over time. This
indicates that with greater time and dis-
tance from Chernobyl-related events and
from immigration there is less distress.
New research among normal populations
has shown that for a subgroup of those
originally showing signs of PTSD, about
60% will recover and 40% will continue
to have symptoms over a long period of
time, regardless ofwhether they received
treatment (15).
Ofall the chronic illnesses about which
we collected data, only a handful showed
significant associations with exposure;
cancer was not one ofthem. It is interest-
ing that some ofthe problems that are sig-
nificantly correlated with exposure in this
sample-arthritis, lymphatic problems,
heart disease, and chronic nervous trou-
ble-are also reported among Russian and
Latvian liquidators, whereas others such
as increased respiratory diseases and
gastrointestinal problems are not (16,17).
The report that 30% ofthose exposed suf-
fered from heart disease is a very significant
finding and suggests a significant burden
ofcardiovascular morbidity.
Not only has increased cardiovascular
disease been noted among liquidators, it
was also detected among atomic bomb sur-
vivors (1). However, the mechanism by
which cardiovascular disease was increased
by irradiation was not discussed in follow-
up studies of the population. The results
indicated a slight radiation effect among
heavily exposed survivors in both the
incidence and mortality rates of ischemic
heart disease and cerebrovascular disease.
Because the data were of questionable
validity, the causal issue remained unre-
solved. A possible biological mechanism
may be through free radicals produced at
the cellular level that interfere with lipid
processing and acceleration of the
artheosclerotic process (18). An alternative
pathway may be through the impact of
stress on the body (19,20).
Our findings also show that the
self-reporting ofhypertension and heart
disease was corroborated by the clinical
findings ofblood pressure measurements.
This validates the self-reports on these
chronic illnesses. To more accurately vali-
date the reports of chronic illnesses, it
would be useful to reexamine this cohort.
All psychological measures appeared to
improve over time except somatization.
Somatization is characterized by multiple
complaints over a long period that are
inadequately explained by either physical
disorder or physical injury. It should be
emphasized that the scale used in this
study is not equivalent to a clinical diag-
nosis using the DSM-IIIR, for which 13 of
35 symptoms must be expressed (21).
Furthermore, questions that form the
somatization scale overlap with physical
symptoms such as weakness in parts ofthe
body, sore muscles, or heavy feelings in
arms or legs.
Many people confuse somatization with
hypochondriasis. The difference between
somatization disorder and hypochondriasis
is that the former relates to specific physi-
cal complaints and the latter does not focus
on any particular set of symptoms but
mostly reflects the fear that he or she might
have a serious disease.
The implications of the continued
level ofsomatization reflects the high bur-
den of chronic disease reported by the
exposed groups. As our results show, the
presence ofchronic illness is not associated
with PTSD but rather with somatization,
anxiety, and depression.
Limitations and Implications
for Further Research
We based our study on retrospective recall
ofsymptoms, which are subject to recall
bias. There was no clinical validation by
independent psychoevaluation ofpsycho-
logical outcomes such as PTSD and depres-
sion. Furthermore, some psycho-logical
measures such as depression, somatization,
and anxiety are likely to be strongly associ-
ated with physical symptoms, particularly
in the case ofchronic conditions. Because
the study was begun 8 years after the
Chernobyl accident, we lack data on
changes in psychological functioning closer
to the time ofthe accident as well as having
no measures ofpersonality, functioning,
and health status before the accident.
Although our sample is similar to the
demographic make-up ofthe immigrant
population, we are uncertain how represen-
tative the sample is because we lack a registry
in Israel of those who immigrated from
exposed areas or who were liquidators. We
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firmly support ongoing efforts to establish
such a registry. Because ofthe high levels of
chronic illness among this particular cohort,
it is important to continue to follow them
and to include more specific evaluations of
illnesses such as cardiovascular disease.
Conclusions
The accident at Chernobyl was the source
ofsignificant distress among exposed popu-
lations that has been found to decrease over
time despite the strain of immigration.
Reported chronic illness remains much
higher in exposed populations than among
other immigrants from the CIS, and con-
tributes to continued psychological distress.
An appropriate intervention model would
combine a medical approach with psycho-
logical and stress managment programs.
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